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SYNTHESIS AND CHARACTERIZATION OF FUNCTIONALIZED
EIGHT-MEMBERED CYCLIC SILICATES

Brian M. Moore', Timothy 8. Haddad'. and Joseph M. Mabry'

'ERC Corporation, *Air Force Research Laboratory
AFRL/RZSM, 10 E Satum Blvd, Bldg 8451
Edwards AFB, CA 93524

Intreduction

Inorganic fillers are exiensively used to modify polymer proporties
Additionally, many nanoparticle fillers have been found to increase the
thermal oxidative stability of modified plastics.  Typically, good nano-
dispersion is tequired to oblain significant property improvemncots. This is
often achieved by compalibilizing the norganic filier with the polymer host
The addition of orgamc groups to an inoTganic particle leads to improved
blending characterisiics, while reactive groups increase their mechanical
robusmess if they are chemically incorporated inlo the host polymer. By
modifying tus organic funclionality, nanoparticles can be fine-wned to
improve desiied polymer propenies. For example, fluorinated nancparticles
can improve polymer hydrophobicity.

Polytunctional eight-incmbered cyclic silicates are a class of inargamc
nangparticles thal have the ability to be substituted with cight functional
groups.  The octakis[chlore calcium oxyloyclotetrasilicate {Q. salt) is
produced [rom wollastonite, a naiurally occutring mineral When wollastonite
is heated in e presence of caleium chicride (see Fig 1), the resulung Q. salt
15 easily isolated. The silanolate functisnality can then be denvatized using
chlorosilanes. Upon substitution, (Qu compounds cantain two types of silicon,
M & Q. Silicon atons bonded tr one oxygen atom and three orgame groups
are in the M class  Silicop atoms bonded to four oxygen atoms are 1 the
class. Substituted , compounds contain eight M silicon atoms on the outes
petiphery und four § siheun atoms in the ring.
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Figure 1. The conversion of wellastonie (Ca8i03) 1o Q, salt [octakis{chloro
calcium oxy]cyclotetrasilicate},

Refinements of the functionalization of the Q, salt have increased vields
over reported values.” A greater varicty of functional proups are now available
for attachment to the core ring.  The process in this repon is two steps, bul
yields have increased fram 30% (o vver $0% tor non-NMuorinated alkyl yroups.
The desired chlorosilane is first reacted wath the €, salt, foltowed by the
cotresponding disiloxang in the presence of Amberlyst 15 ion-exchangs
resin’,
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Figure 2. The substitution of (), salt.

Experimental
Materials, Dwmethyichlorosilane (Gelest) and vinyldimethylchloro-
silane (Gelest) were vacuurmn transferred before nse.  (Heptadecafinoro-

1,1.2.2-tetrahydrodecylidimeihylchlorosilane {Gelesty, 1,3-divinyltetramethyl-
distloxane (Gelest), hexamethyldisiloxane (Gelest), wollastonite 5200
(Fibertec), Amberlyst I5 ion-exchange resin {Aldrich), silica gel {Analtech),
ACS grade acetone (Sigma-Aldrich), and reagent grade ethanol (Aldrich)
were used as received.

Instrumentation 'H, "'C, ¥'Si NMR spectra were oblained on a Bruker
AMX-300 spectrometer using 3 mm OD plass tubes. Sample concentrations
were approx. 10% (w/v} in CIXCly and were referenced internally to residual
CHCl: at 7.26 ppm ('H) and 77.0 ppm (7C). Contact angles were measured
on a Dataphysics OCA 20 goniometer with a 3 pL. water drop size.

Synthesis of octakis|chlore calcium  oxyicyclotetrasilicate
(Cag(8i0,),Cl;).  Wollastonite (19,8 2, 0.170 moly and calcium chloride
dihydrate (50.0 g, 0.340 mol) were ground together in a mertar and pestle,
placed in a graphile boat, and heated 1n a tube fumace with a nitrogen purge w
800 °C for 24 hours.  The mixture was allowed 1o cool 0 room temperature
under nilrogen. The resulting while solid (58.4 g) was ground in a mortar and
pestle, Ethanol {150 mL) was added to the mixture to extract gxcess calerum
chloride. The solution surred for 90 minutes, followed by a vacuom-assisted
filtration to isolate the Q, salt. The filtrand was dried in a vacuum oven at 74
*( for 5 minutes.

Synthesis of octakis {Irimethylsiloxy) cycletetrasiloxane. Q, salr
(10.2 g, 1} 2 mmol) was placed in a 300 mL round boliom flask, acetone (300
mL) was added, followed by a condenser ont top of the flask with a nitrogen
purge. Tomethyichlorosilane (16.5 g, 152 mmol) was added through the top
of the condenser. The solunon was refluxed for 24 hours, cooicd 1o Toom
temperature, filtered 1o remove calcium chlonde, and the filtrate volatites
were removed by vacuum. Hexamethyldisiloxane (40 mL) was added to the
sohid, along with Amberlyst 15 (1 0 g). The solution stirred for two hours a1
room temperatute.  The Amberlyst |5 was then removed by tiltration and the
excess hexamethyldisiloxane was removed by vacuum.  The resulting solid
was dissolved in hexane and lwg waler extraclions were performed ta remoyve
residual acid. The compound (5.06 g, 51% yield) was isolated and punfied by
sublimation. 'H NMR (CDCL, pprm) .12 (s). “C{'H} NMR (CDCL., ppm}
1.57 {s}. Si{'ll} NMR (CDCT, ppm) 9.8 (s), -108.3 ().

Results and Discussion [

Substituted cyche silicates with -8 CH LR, where R = CH,, sinyl, ar
(CH3){CF:hCFw have been prepared with many yields exceeding 50%.
Yields of flugrinated compounds have not increased aver previously reported
values®. The Qu salt 15 DOrst reacted with chlorosilane, which repinces the
majority of the CaCl groups en the y ring. The panially substituted Q, ring
15 then reacted with the comesponding disitoxane and Awmbcelyst 15 ion-
exchange resin. The nng is fully subshiuted after two hours of stirring.

Fluorinated Q¢ compounds, chemcally similar to fluonnated POSS,
have the potential 1w increase hydrophobwily in polymer nanocomposites
Qulluorodecyis has been vsed to increase the waler contact angles on vanuus
substrates, which were dipped into a Qy-solution and then dried. The conlrol
solution contained AK225 and Tecnotlon (5 mg/mL}, which was compared 10
a solution containing AK225, Teenoflon (5 mg/mL), and Qufluoredecyly (5
mg/mL) The increase mn water contact angle was 23 degrees for the glass
substrate and 16 degrees {or the alominum fuil substrate. Oleophoricity has
nat yet been tested.

Conclusion

An mmproved techmque has been used 1o increase the yvields of vancus
substituted Qy compounds, which have been characterized by NMR  The
fluommated version has been observed to increase water contact angles by over
1 5% on varipus substrates.
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